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INTRODUCTION

The vastly increased Soviet and Warsaw Pact chemical warfare threat and

battle'ield scenarios, which call for sustained application of force, direct

the development of special technologies. The United States Army, as the

Department of Defense's Executive Agent for Nuclear Biological Chemical

(NBC) research, development, testing, and evaluation, is responsible for

meeting these service requirements.

The Tri-Service Joint Working Group on Drug Dependent Degradation of

Military Performance (JWGD3 MILPERF) was established by Research Area V at

the United States Army Medical Research and Development Command, Fort

Detrick, Frederick, Maryland. The JWGD3's purpose is to develop the methods

and systems for assessing how pre-treatment and/or antidote prescribed drugs

will affect military performance in chemical warfare situations.

The Naval Heaith Research Center's (NHRC) contracted involvement in the

program has been to address performance effects due to MOPP4 protective

clothing with and without pre-treatment antidote chemical defense prescribed

drugs during sustained operations. A series of laboratory based, quasi-

experimental studies with Marine Corps subjects is underway to measure

performance degradation associated with pulmonary arid heat stress, heavy

physical work, sleep loss, and, eventually, NBC protective drugs. The

Tri-Service Physiological and Cognitive Performance Assessment Batteries

(PAB's) are used in these studies to provide standardized measures and data

sets comprehensive to a Tri-Service Community.

Our group has done extensive literature reviews in the process of planning

research protocols and prepaibig ýepor ts. This bibliography includes 104

military and other reports involving gas masks and/or other chemica' defense

gear, along with a few related pulmonary niapets. The most recent seaichete

were done in mid 1987. Where only part f a report was relevant to our

laboratory, only that part was abstracted.Sa s ra td
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MASKS AND RELATED RESPIRATORY PAPERS (Also see the MOPP Gear section.)

Atterbom, H. A. and Mossman, P. B. (1978). Physiologic effects on work

performance of vapor-barrier clothing and full-face respirator. Journal of

Occupational Medicine, 20, 45-52.

See MOPP gear section for clothing effects. Wearing a full-face mask

caused a fairly persistent increase in resting heart rate of 4 to 9 bpm.

Balieu, E. (1975). Respiratory protective devices. Leakage and total

protection. Ugeskrift Laeger, 137, 1331-1335.

(Note: The following is based on the English abstract of a foreign

language report.) Leakage can be measured quantitatively by placing a

test subject in an atmosphere containing a known concentration of a

harmless test aerosol or gas and subsequent analysis of the concentration

inside the mask. Qualitative tests where the wearer judges the fit from

the smell of some irritant gas are often used but can be misleading. The

facial characteristics of the wearer (e.g. size or beard), as well as

type and construction of the mask, affect fit. Some people can not be

properly fitted with masks and should never use them.

Billups, N. B. and Oberst, F. W. (1965). ChloopiLoc in leakage te_,st of the

M17 protective mask eo_q~uiped with drinking and resuscitation deitces worn by

volunteers (CDRL Technical Memorandum No. 2-32). MD: Army Edgewood Arsenal.

The M17 mask (E13R13 Field Protective Mask variation) worn with Mt hou)d

underwent 192 trials involving rest, exercise, drinking water (via £49

device), and repeated connection of an E50 resuscitation tube. Two small

size masks and 4 medium were used in these trial. The masks were

checked and adjusted by an expei t for propel fit t iog pi i lt to each t'est

Three leaks were detected, two during attachment of the iesusc(itat io(l

tube and on'e during bend •ig down exe•,.tises due t• pout ad us tmelit pel

head ha ruue;ýs.



Bouhuys, A., Jonsson, R., and Lundin, G. (1957). Influence of added dead

space on pulmonary ventilation. Acta Physiologica Scandinavica, 39, 105--

120.

The effect of an extra 260 or 480 ml of dead space on ventilatory effici-

ency was studied in 15 experimental trials on 5 normal subjects. The

indices used were the percent nitrogen clearance delay and the lung

clearance index. They found an average increase in tidal volume equiv-

alent to the added dead space with no consistent change in respiratory

rate or functional residual volume. There was a slowing of the nitrogen

wash-out process but a suggestion of more uniform ventilation. The effi-

ciency of the lungs proper was not impaired.

Burgin, W. W., Gehring, L. M., and Bell, T. L. (1982). A chemical field

resuscitation device. Militarv Medicine, 147, 873-376.

Current chemical defense gear allows only for mask to mouth resuscitation

utilizing a snorkle device. This technique is very tiring for the

rescuer, requires the patient to be unmasked, and requires the patient to

be supine. The authors have developed an adaptor which fits into the

filter inlet of the victims mask and allows attachment of a hand held

resuscitator. This, along with a balloon valve which can occlude the

exhalation port of the mask during forced inhalation and open it during

exhalation, was found to allow adequate forced ventilation under contam-

inated air conditions when tested vith a simulated head and lungs. The

Burgin Adapter can be used with all American masks and one British mask.

Cerrtelli, P., Sikand, R. S., and Farhi, L, E. (1969). Effect of increased

airway resistance on ventilation and gas exchange during exercise. Journal

of Applied Phyoy, 27, 597-600.

The effects of bteathing against increased resistances wthile performing

graded exercise on a treadmill were studied in t o ttained subjects. At

any exertion level the minute volume decreased as resistance was raised.

Thie maximom oxygen uptake and exercise tolerance were stated to be

decreased although details as to how much were not givell. Thb " IC t 0,1)•



ship between o:tygen consumption and workload below maximal level was

unchanged.

Cherniack, R. M. and Raber, M. B. (1972). Normal standards for ventilatory

function using an automated wedge spirometer. American Review ef Respira-

tory Disease, 106, 38-46.

This is one of the most widcly accepted sources for normal spirometry

prediction standards. Tests were run using a wedge spirometer on 879

male and 452 female healthy nonsmokers living in a pollution-free area.

Prediction equations were derived for males and females based on age and

height for vital capacity, maximal mid expiratory flow, forced expiratory

volume in one second, anI indirect maximal breathing capacity. (Note:

these are the standards used by NHRC.)

Cotes, J. E. (1962). Physiological aspects of respirator design. In

Davies, C. N. (ed) Design and Use of Respirators (pp. 32-47). New York:
MacMillan.

This is a review article. The author poii s out that half-tace masks

have less weight, deadspace, interference with perspiration, and

restriction of vision, but full-face masks are easier to fit. Masks

cause increased resistance to breathing which may be less well tolerated

by older workers. Oxygen enrichment of the inspired gas is needed when

the subject is in an oxygen reduced atmosphere. 50% rather than 100%

oxygen is probably preferable, and the gas should be humidified. Masks

,an cause uncomfortable heating of the face and may contribute to gtneral

over heating secondary to interference with heat loss by evaporation from

the lungs. Future developments should include lowe, resistance to

breathing, better systemns for sizing the face and assessing mask fi , and

a wider range of mask sizes. improved mateiials for ma sR r'005 t i.

are being developed.

Craig, F. N., Blevins, W. V., and Cummings, F. G. (119710). Exhaust in ,g ,l

l imited by exterinal resistance and i nhalati on of (arhon dio:xide. ofiou nt1

6 .... LA Jiied Physioilo vy ,19, 1,847 BY!,

a•a
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Twelve enlisted Army men performed graded treadmill exercise while wear-

irng an M9 protective mask which was adapted to provide various

inspiratory and expiratory resistances. They performed similar exercise

"while breathing increased concentrations of carbon dioxide. Increased

resistance had a greater effect on endurance in easy tasks than more

difficult tasks (those leading to exhaustion in less than 5 minutes).

Resistancc did not effect the oxygen debt at exhaustion. Carbon dioxide

concentrations of more than 4.0% decreased endurance more than combined

inspiratory and expiratory resistances of 15.5 and 2.0 cm H20/1/sec

respectively did, while conce t rations less than 3.9% had less effect

than this resistance combination. (Note: There were only 2 trials at

concentrations above 4.0%.) As exercise progressed breathing frequency

increased with duration of inspiration being conserved at the expense of

duration of expiration. A limiting factor at exhaustion appeared to be

that time for expiration approached a minimum value.

Craig, r. N., Blevins, W. V., and Froehlich, H. L. (1971). Training to
improve endurance in exhausting work of men wearing __rotective masks.: a

review and some preliminary exeriments (Technical Report No. 4535). MD:

Edgewood Arsenal.

Eight relatively unfit subjects performed treadmill walking to exhaustion

with and without modified M17 or M9 masks. Tests were performed before

and after 3 to 8 sessions, of practice in hard work with high inspiratory

resistance. Even without filters, wearing a mask facepiece had a degLad-

ing effect on endurance. The practice sessions failed to reduce the

decrements in endurance caused by increased resistances.

de V. Mar~in, H. (1972). The effect of training and a mask on the voluntary

endurance time of men exercising in the heat. Journal of Physio0logy

(London), 229, 39P-40P.

SSubjects performed maximal bicy( , mete ets si kth and without the

NBC S6 cespirator over a period of 5 weeks in a dy hi /wet bulb ,e p

era tut e of 35/250 C. The mask deciea5;ed endut ane timre (;p< . U)S) and

.!W appeared to lower the voluntary toletance of laised body tewpe l~tuie.
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Training improved endurance times both with and without the mask but did

not eliminate the decrement attributable to the mask.

de V. Martin, H. and Goldman, R. F. (1972). Comparison of physical, bio-

physical, and physiological methods of evaluating the thermal stress

associated with wearing protective clothing. ELrgonomics 15, 337-342.

The effect of wearing the M17 gas mask with army fatigues or 3 different

chemical defense outfits was to insignificantly increase the sweat rate

and to reduce evaporation by 8% (p<.O1). (Note: See MOPP bibliography

for more complete summary of this study. '

Demedts, M. and Anthonisen, N. R. (1973). Effects of increased external

airway resistance during steady-state exercise. Journal of A]p Ied

Physiology, 35, 361--366.

Six males performed pulmonary function tests and bicycle exercise at

various loads. The effects of the addition of 3 resistances to the

breathing circuit was examined. Added resistance dia not change mean

oxygen consumptions. Higher resistances significantly limited maximum

breathing capacity (MBC) anrd maximu'n exercise ventilation at a given

resistance was 65-75% of the 15-sec MBC measured at that resistance.

Dukes-Dobos, R. J. and Smith, K. (1984). Effets of respirators under

heat/work conditions. Amer ican I ndu • t. i.atl '!ygiene Assec.if? r n Jourinal, 5,

3991404.

Five Inaccl i'nat iod male It, e;u cts: plertolriled I hlau te admill walks at

high and low work levels, ar '°.t or -'.. ý(, ,ith and c'ithront l 1. and

half--mask respirato:._. The flJ l 11,1- n k erris: iretel '1 y1 iIc r cr1i hc I Illt

by 1 8 beats per rinlO ttt (O0 l1 y sigil iti itanl • il,'I ln!w c t it (olrdi ti)II ),

elevatid energy expelldi lire, elevated )I'll telper,ýTl•, in l he I e ii Olr

high tempetatu.re colidit eol, antd cluvili.d ,txygeri lr,:,t

Causer1 i rcrese miFote venýIt laiil with stil, ir icatn ie wwy , 1

the tf il f i m'a l igh wov ior, I ce bin.ah ti 't (iii ,l• ()1 In ,,, 1 at). (1 oAt': fll

mr I i tt to ,, 11t i Il t i off olll d' • i t f u I (ml, m w,: I ,,! h . :t , i . .
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Epstein, Y., Keren, G., Lerman, Y.. and Shefer A. (1982). Physiol)gical and

psychological adaptation to respiratory protective devices. Aviation Space

and Environmental Medicine, 53, 663-665.

Twenty subjects were tested at 80% ot their maximaj oxygen consumption

for 6 consecutive days while .aring a respiratory protective device with

a resistance of 2.80 + 0.07 cm H20/l/sec. Subjects reported no changes

in subjective feelings but there was evidence of physiological adapta-

tions. Respiratory rate increased, inspiratory/expiratory ratio dropped,

peak inspiratory pressure decreased, and external respiratory work

increased over the 6 days.

Flook, V. and Kelman, G. R. (1973). 51,,bmaximal exercise with increased
inspiratory resistance to bieathing. Jour.nal of Aplled Physiology, 35,

37/ 384.

Eleven very fit 16-year --old juniori s(oldiers p•erfo,:med bicycle exercise at

graded work rates while breathing onrough various iesistances. Tbere

were minimal changes in Ot.art rate, oxygen consumption, and endurance,

hbut ther-•, was progressi,, - hypo',e tilattion and ].engtheni!.g of insp, iration

ri. 1• if~.ineasing rCesi51>hce.

iFo! iI)e9. I .. J., Wallace, E. . , !', .I, F. , and iot vath , :K. H. (1981%).

Exec ise t e.;pii 1 a to i , pat ttl i ill elite ct •icsts and seden•a' s "biec's,

MedMd ic iwe alld "¶ ci 1' e ill Suot>; ,nd iK;e , al. , 5 0...

@~ý ý' c !t'; 11,1( ';igni f icillit IV liwi k', h ;%Ii "x i ll ;•>XyF•'l (2011ýUWIi O;',1 i ;• bill 110!

• <• i•,• t > •, '111d*• 11 ,'1"' if lm ol" int'! , i llY. )1 vel t d ti:( il,:,,dH •: . Dil l il.ig( ll:a . I.
Y 1) is Is 1 - igcli i i cdnt y Ifi i•111 tx I ,Yg I k.' 1 t o" lS 1) 111 l1O!I

,'I t ( dltl ,,, / l ,1, V i ll1 I ) H l 1d •d A•1', i l dt, i' /11i1i i!,t

N),< • is :* ,i , is , 1 V id , ,•, (i i!V, i '.Sil .',ý1' .it(i 1t I ltllkit r ' hii 1

A,,
I ) t I 1 '

WT IIA1'



Fridriksson, H. V., Malmberg, P., Hedenstrom, H., and Hillerdal, G. (1981).

Reference values for respiratory function tests in males: prediction form-

ulas with tobacco smoking parameters. Clinical __siolog , 1, 349-364.

Prediction equations based on age, height, weight, smoking years, and

smoking intensity were derived for many respiratory function tests using

multiple regression of data from 263 healthy males. (Note: This is not a

commonly used source of 'normal' values and cannot be used on our popula-

tion as we do not have detailed smoking histories.)

Gamberale, F., Holmer, 1., Kindblom, A. -S. and Nordstrom, A. (1978).

Magnitude perception of added inspiratory resistance during steady-state

exercise. Ergonomics, 21, 531-538.

Eleven healthy males performed steady--s:ate bicycle exercise while

breathing at each of 6 added inspiratory resist, nces. Increased resis-

tance caused decreased ventilation and prolonged inhalation. There was a

linear relationship between perceived and actual respiratory resistance.

Gee, J. B. L., Burton, G., Vassallo, C., and Gregg, J. (1968). Effects of

external airway obstruction on work capacity and pulmonary gas exchange.

American Review of Respiratory Disease, 98, 1003-1012.

Phy:.sical education students perlormed progLessive bicycle e:eCIcisc With

and without external expiratory, inspiratoily, or combined ob.tlulct iou

(resistance=5cm tt20/1/sec) in a randomized cIoss;ovei design. The

of obstruct ion caused equivalent (I tc, I ee.s of hypoven t i IA .t ion Wh i ch

progressed as the workload incrdeased. E X[•Y. 101'V obSt I ion to0tendt Io

pioduce a decreased tidal volume W hile, iuspit ato y or combillie. i I ct.'d

reduced respiratory f t rouclc:y . The ((lmil[ illted ,)lo n t ionl ( ( LM ,t 0.

decxl, ease in inaxi mum breat hi ng caI .i I. i t V hitiI (Iu( ).( II I t (d u i io Ii; I I

"o5 tl Oil (VO ) , (oil)V 2 C i) odullm I i (,I] , ol I I k I a tI dIl i I I IY, I I

ui 8Qf (1 of uax Ima I VP?.

hi i~ inoll ý;ltmokc '11d i 1 Iit U Ino i I it 1 L .1 j 1 0 l 0 I,,I*



Maximum expiratory flow-volume curves were recorded in healthy male and

female smokers and non-smokers. Maximum expiratory flow rates at 25% and

50% of vital capacity tended to be lower in smokers , pecially males, but

the overlap was large. Equations developed to predict these parameters

and peak expiratory flow based on sex and age were fairly inaccurate and

inclusion of height and weight did not improve prediction.

Harber, P., Tamimie, R. J., Bhattacharya, A., and Barber, M. (1982). Physio-

logic effects of respirator dead space and resistance loading. Journal of

Occupational Medicine, 24, 681-684.

Seven males and 2 females were tested at rest and during low level bicy-

cle exercise (exercise intensities were selected by the subjects) with

and without added 4.9 cm H20/1/sec inspiratory resistance and/or 300 ml

dead space. Maximal exercise tests were performed with the added dead

space and resistance During the low level exercise, inspiratory resis-

,ance caused decreas.ed respiratory rate, tidal volume, and minute

,*. ventilation, while dead space caused increased tida! volume and minute

ventilation. Maximal testing showed that respiratory rate, tidal volume,

and minute volume still had reserve tesponse left despite the effects of

added resistance oi (lead space.

Halhbei, P., laniiimie, J. , Yrno1 y, J., Bhattachai',', A., and 13ai iei , A. (198,4).

Effects of exetcise s ising industiial e:-;pitators.. Amc,•.ir'an Industrial

lHygienc Associ tton .Jouinal, 45, 603 509.

--. illifn 11ma vc tunteess ne f1, mod hicýy(c e exer, i' W ith and vith,.ult ilis;pir

",,Toty resi15tanlce and dead "1:;1ce loHding. fl o"piiato0ty loading O atlvd

no e, A, in I I cs g, 1r ws1 1 1h cK Iic t 0a~ 1 Iiýi ' I f II t llI i di '. u e t s t he
[ligh1e• ,\y:.'e c i e l evel , is. aspi t, t 1 y,' ti 1n÷ I,., k• ki t , t I1::,, 5•', t',s.p I I ,

10load but dot tea:.-;ed by rxe:-,_ is; t,. o•.x'•' ,yi it.n Hrd h,,i ill, I ,t k

~I odl ccl t i dk I e~ed 1 ) Ytto le Xe2x lI i ; si ~ ~ý i :t eti •'I•* o h.' ', [.i t!p : a t o:!./•U

d . E', yad]ivi K. A., tMai I1,,!.'. J_ diA. HKcs,! s.' , ui 11 :id.ns

I 1W C o t I t'il, ' i, tt ., 1(' 1 I fl Ind u ' * i ,, tol•.'•Ciz ' ......... . . ... :•,• ,,..I, I

1); 1,0 T i I Indu': I ~I I 11t) ýW ii1



Three qualitative respirator fit tests: the negative pressure test, the

isoamyl acetate test, aad the irritant smoke test were performed concur--

rently with a quantitative fit test (the dioctylphthalate (DOP) test)

with half and full facepiece masks. The 95% of the test population with

adequate fit based on the DOP test passed the qualitative tests 96 to

100% of the timo. The 5% of subjects with inadequate fit failed the

qualitative tests 93 to 100% of the time. Twenty-theee to 46% of the

poorly fitting full face masks were detected by qualitative methods. it

is noted that the small numoer of subjects with poor fit decreases the

certainty of these results.

Hermansen, L., Vokac, Z., and Lereim, P. (1972). Respiratory and circula-

tory response to added air flow resistance during exercise. Ergonomics, 15,

7 5- 24.

Ten healthy subjects performed Licycle exercise at submaximal and maximal

work loads with and vithout an M9 gas mask. The ,imask lowered pulmonary

ventilation especially at the higher workloads (a decrease of 43% at

maximal workload) secondary to a decreased respiratory rate partially

compensated foi by anl increased tidal volume. Oxygen uptake was

unchanged at submaximat load- bht de(creased doi ing maximlit work. Heart

lait was i nclean ed at, submaximal loas buh t llnc(hanged at ma'<imum, it i s

ri)o"t :!tate1d Wh'ether s 'ax illial l.(,Ikluid dk(c (eas,ýed.

floev, F. N., ll.oyd, 1.. B., In high.t . 1)I. . ('., lo .s, M. (;. M, tilld H lton,

1'. P. l;. (1066). "!tIect ; out ,'.il im l; li(sl 1.1101 N' i> 1ii oil h1_ de• ' 1 ti 1a d

t cpitnue (,V ot hrleathiiig ill mal. Re';pilttoly Plhy:iolovy, . 191 .11(j'

V o iiie ! Vt I do 1 i I Ig (Id i t I t It I ii I I . t l c I I l V 1) lit i t%0 I iiI l I V] . if

.1bo u I 11,11 t th e \ i .ta l V.c'E ! t I.:) . Tlit' I,' , I•- ,i: l I I• ii ,ii
h 0 ýt'' l b ';~ j o ' t w hi l• It, ill %, l it-, ! oi < ll ý:i• b j '," k( ' • h , I . I'll I f!, I

,."~ fl ! 'h t k I'i ,, ,,: i ll VH kit• hIll ll • l gl lt'd h " ', i (,, -I, I,' l PVA ' ý, ,•l ý' [} l Ill "A ') ,1 . ý

N1€ !. b,1A ( I • ,'Ic •'i • d o ",nt 1i hldt '•,i I/ t tt ,( I t-ýp I i ~t 1 111( , l ct •, :: o t•] {



muscular exercise. Elevated body temperature increases respiratory

frequency and the parameter m.

Hill, A. R., Kaaiser, 0. L., Lu, J-Y., and Rochester, D. F. (1985). Steady-

Sstate response of conscious man to small expiratory resistive loads. SR~~Fespi•.___atory Physiology, 61, J)•69-381.

Breathing patterns and abdominal mu.jcle activity were recorded on 7

subjects while they breathed against expiratory resistances of 0 to 10 cm

H20/L/sec with and without augmented dead space or treadmill walking.

increased resistance increased expiratory time, tidal volume, and mean
inspiratory flow rate, while decreasing respiratory frequency. These

changes were less apparent wher minute ventilation was increased

secondary to dead space or exercise. Minute ventilation and abdominal

muscle activity were not affected by the increased resistance.

Im Hof, V., West, P., and Younes, M. (1986). Szeady-state response of

normal subjects to inspiratory resistive load. Journal of Aplied Physt-

oýjogy, 6_0, 1471-1481.

The respiratory driving pressure waveform during steady-state unloaded

and loaded (8.5 cm H20/l/sec) breathing in 8 subjects was calculated

using the method of Younes et al. (J.Appl.Physiol. 51:963-989, 1981).

Tidal volume during resistance breathing was 108% of control. This

increase was accomplished through an increase in peak amplitude, an

increase in the duration of the rising phase, and a more concave shape of

the rising phase.

.)ohnson, A. T. (1976), The energetics of mask wear. American Industrial

Hjiene Association Journal, 76, 479-488.

Two healthy subjects performed bicycle exercise at steady work rates

while veat irtg M11 'Aa.Sks (reported mask resistances, Inspiratory 3.4 cm

H2O/il/sec, expirato:" 1.3 cm H20/siset'). At low work levels (<250 watts)

endurance appeared to be limited by elevation of cote temperature. At

12



high work levels (275-400 watts) the limiting factor was decreasing

duration of exhalation.

Johnson, A. T. and Masaitis, C. (1974). Prediction of inhalation time/

exhalation time ratio during exercise. IEEE Transactions on Biomedical

Engineeiring. BME-23, 376--380.

An expression was derived for prediction of the inhalation time/exhala-

tion time ratio using a criterion of minimization of total respiratory

work during a complete respiratory cycle. Calculated results compared

well vith experimental data. The expression predicted a rectangular

waveshape during exercise, which agreed with previously published

experimental and theoretical findings.

Johnson, A. T. and NcCuen, R. H. (1981). Prediction of respiratory period

on men exercising while wearing masks. American Industrial Hyriene Assoc-

iation Journal, 42, 707-710.

"Four competing models were developed to test assumptions about the work-

WO ings of the respiratory controller. These models were tested against

previously published data and unknown parameters estimated with a least

V squares procedure. It was found that similar fits were obtained on data

from men not at exhaustion by minimizing total respiratory power or

inspiratory power only. Inspiratory power alone gave good fit at exhaus-

tion. Also, mask resistance was found to be unequivalent to respiratory

resistance in determination ot respiratory period."

_ Johnson, A. T. and Micelli, T. M. (1973) Flow regimes in protective masks

(Technical Report No 4712). MD: Edgewood Arsenal.

M28, M17, and M9 masks were tested at various air flow rates, on human

subjects and on a head form. The M9 mask shewed turbulence at high rates;

of flow on the head form. Vlih 1i7 mask showed turbulence at highei ra,,.

of flow (above 100 liters/mi•nte) on so'ne, hut not all, humans; si ,

The turbulent-e related to collapse of the nose cup and st iffening thjo

"nose cup CFeiayed ons;et of tutbulence. Turbulence piolongs inspi latoly

.:i3



time leaving less time for expiration arid reducing tolerance time of men

working while wearing the mask.

Johnson, R. F. and Sleeper, L. A. (1986) Effects of chemical protective

handwear and headgear on manual dexterity. In Proceedins of the Human

Factors Society 30th Annual Meeting (pp. 994-997). Santa Monica, CA: Human

Factors Society.

Manual dexterity was reduced and learning of manual tasks was slower

under gloved conditions than with bare hands. Wearing the M17AI gas mask

had no effect on performance.

Kolesar, E. S.., Cosgrove, D. J., de la Barre, C. M., and Theis, C. F.

(1982). Comparison of respirator protection factors measured by two quan-

titative fit test methods. Aviation, Space, and Environmental Medicine, 53,

1116-1122.

The Army XM-29 chemical warfare defense respirator was tested with two

quantitative techniques. The sodium chloride solid aerosol challenge

method was found to be more sensitive than the di-2-ethylhExyl phthalate

liquid aerosol challenge.

Kory, R. C., Callahan, R., and Boren, H. G. (1961). The Veterans

Administration-Army cooperative study of pulmonary function.: I. Clinical

spirometry in normal men. American Journal of Medicine, 30, 243-258.

A total of 468 male hospital employees, patients, medical students,

residents and physicians with no history or other evidence of any disease

which could be expected to affect pulmonary function were studied.

Smokers were not excluded. Spirometric measurements were made on adapted

Collins 13.5 L recording spirometers. Prediction formulas based on age

and height were derived for vital capacity, maximum voluntary ventilation

(MVV), forced expiratory volume at 0.5 second, and forced expiratory

volime at 1 second. (Note: This study measured actcusl MVV and got. much

higher values than Chernjiak arid Raher who used estimated MVV. (Our lab
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uses actual measurements and our subjects have showed values closer to

this study than to those predicted by Cherniak and Raber's formula.)

Lerman, Y., Shefer, A., Epstein, Y.. and Keren, G. (1983). External inspir-

atory resistance of protective respiratory devices: effects on physical

performance and respiratory function. American Journal of Industrial

Medicine, 4, 733-740.

Twenty subjects ran on a treadmill at a work rate equivalent to 80% of

maximal oxygen uptake while breathing through a device with low expira-

tory resistance and various inspiratory resistances. Increasing

inspiratory resistance was found to decrease tidal volume, endurance, and

maximal heart rate, while increasing the ratio of inspiration to expira-

tion time, peak inspiratory pressure and C02 retention. Difficulty in

inspiration was the main reason subjects gave for terminating a treadmill

test.

Louhevaara, V. A. (1984). Physiological effects associated with the use of

respiratory protective devices. A review. Scandinavian Journal of Work and

Environmental Health, 10, 275-281.

This is a review of 65 articles. It has been found that added inspira-

tory resistance decreases breathing frequency and prolongs inspiratory

time in younger subjects while decreasing tidal volume oxygen consump-

tion, and carbon dioxide production in older subjects. Expiratory

resistance decreases ventilation rate. It initially decreases oxygen

consumption and carbon dioxide production, but these subsequently Leturn

to normalJ, with continued submaximal exercise. Combined inspiratory and

expiratory resistance decreases ventilation rate at submaximal exercise

levels and decreases oxygen consumption at near maximal levels. Dead

space increases the ventilation rate proporiionally. Extra wcight

increases ventilation rate, oxygen consumption, and heart rate at sub

maxima] exercise levels, and decreases endurance. In general, filtel ing

devices and air-line devices either: 1) Decrease breathing frequency,

increase tidal volume, and adjust the tength of the breathing cycles

depending on disti ibution of added breathing re:sistance; or 2) De,:.reose
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tidal volume, with minimal. changes in respiratory rate and the ratio of

inspiratory to expiratory timeŽ. With a self-contained breathing appar-

atus the effects of added carrying weight and restricting harnesses are

added to the breathing resistance effects.

Louhevaara, V., Smolander, J., Korhonen, 0., and Tuomi, T. (1986). Effects

of industrial respirators on breathing pattern at different work levels,

European Journal of Applied Phy•sýiology, 55, 142-146.

Nine construction workers (ages 35-44) and nine firemen (21-35) were

studied at rest and during submaximal (<60% VO2max) treadmill walks while

wearing a low resistance breathing valve, a filtering half mask, or an

air-line apparatus. The devices had no significant effects on inspira-

tory time, expiratory time, breathing frequency, tidal volume, or pulmon-

ary ventilation. The breathing patterns of the construction workers and

the firemen did differ significantly.

Louhevaaca, V., Smolander, J., Tuomi, T., Korhonen, 0., and Jaakkola, J.

(1985). Effects of an SCBA on breathing pattern, gas exc.hange, and heart

rate during exercise. Journal of Occupational Medicine, 27, 213-216.

The use of a self-contained breathing apparatus (SCBA) consistently

limited tidal volume during sequential progressive treadmill exercise

tests. Oxygen consumption and heart rate were increased during sub-

maximal exercise. In 4 subjects who reached their maximal heart rate

with the SCBA, mean ventilation rate was 68% and oxygen consumption was

83% of maximal values without the SCBA. The shoulder harness of the
heavy device was thought to be a major factor interfering with ventil-
ation and gas exchange.

Louhevaara, V., Tuomi, T'., Korhonen, 0., and Jaakkola, J. (1984). Cardio-

respiratory effects of respiratory protective devices during exercise in

wel.-trained men. EuroLpea Journal of Applied Physiology, 52, 340-345.

Twelve well-trained firemen aged 21-35 were studied during submaximal

treaamill walks with and without a filtering (predominantly inspiratory
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resistance), an air-line (predominantly expiratory), or a self-.contained

breathing apparatus (SCBA) (predominantly expiratory). During higher work

levels and recovery heait rate and oxygen consumption were increased by

each of the devices. Although actual ventilation (1/min) tended to be

increased (only significant at highest work level with the SCBA), there

was relative hypoventilation (decrease in the volume expired relative to

the oxygen consumed) and a decrease in the respiratory quotient with all

of the devices. Maximal effects were seen with the self-contained breath--

ing apparatus. The increased ventilation results differ from previous gas

mask studies. Good physical conditioning and extensive experience wearing

respirators are suggested as explanations for this. (However, see refer-

ence 13, Dukes-Dobos.)

Louhevaara, V., Tuomi, T., Smolander, J., Korhonen, 0., Tossavainen, A., and

Jaakkaola, J. (1.985). Cardiorespiratory strain in jobs that require respir-

atory protection. International Archives of Occupational and Environmental

Health, 55, 195-206.

The heart rates, oxygen consumptions, and ventilation rates of thirty
workmen and firemen were studied while they were wearing a variety of

respirators in the course of their usual work. These were compared to

maximal heart rate and oxygen consumption (VO2max) estimated from sub-

maximal bicycle ergometry performed without the respirators. Workers

using filtering or air line devices showed mean heart rates of 66 to 132

BPM, with oxygen consumptions of 12 to 62% of VO2max and ventilation

rates of 16 to 48 1/min. It was recommended that continuous use of

either type of respirator be limited to less than 30 minutes. Werking

with the added weight of a self--contained breathing apparatus prodi.ced

mean heart rates of 142 to 160 BPM, estimated oxygen consumptions of 54

to 74% of VO2max, and ventilation rates of 45 to 70 1/min. This required

good physical fitness. It was suggested that workers required to usc

SCBA should have a mi iimal VO2max of 3 liters/min.

Love R. C. (1980). Acceptabl brea thing resistance for irespia toi ue. ill

Papetr From the NIOSH !iternati -onal Respirator Research Worksh.op, (pp. 18

202). Morgantown, WV: National Inst . for occupat ional Safety and Health.
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This paper refers to 31 previous studies in discussing the amount of

breathing resistance that is: "physiologically first detectable" (1 cm

H20 at 100 1/min), "first subjectively noticeable" (.59 .87 cm H20

i/see), "noticeable but tolerable" (about 15 cm H20 at maximal flow), and

"only just tolerable" (283 cm H20/l/sec, for flow resistive (viscous)

resistance). He concludes that total breathing resistance should be kept

around 12 - 17 cm H20 with inspiratory resistance of 6 - 14 cm H20.

Love, R. G., Muir, D. C. F., Sweetland, K. F., Bentley, R. A., and Griffin,

0, G. (1977). Acceptable levels for the breathing resistances of respiratory

apparatus: results for men over the age of 45. British Journal of Industrial

Medicine, 34, 126-129.

Peak inspiratory pressure, external respiratory work rate, ventilation,

and gas exchange were measured in 41 older coalworkers walking on a

treadmill with and without various inspiratory resistances. Increased

resistance led to reduced minute volume, oxygen uptake, and carbon

dioxide elimination. Breathing frequency was unchanged. At the workload

studied (walking 70 m/min up a 9% incline for 15 minutes without resis-

tance followed by 15 minutes with), these workers were able to tolerate

the same inspiratory resistances as younger men.

Luria, S. M. and Dougherty, H. H. (1983). Effectiveness of the Mark V

chemical-biological mask worn over spectacles (NSMRL Report No. 1006).

Groton, CT: Naval Submarine Medical Research Laboratory.

Standard S-10 Navy issue, Sampson P-3 gold wire, Sampson P-3 matte

chrome, and Combat frames were tested in the Mark V mask on bearded and

unbearded individuals using helium as the test gas. Without frames,

about 2% of the helium leaked in with unbearded subjects and about 8%

with beards. Standard S-10 frames caused 100% leakage in all subjects.

The best frame was the Sampson P-3 gold wire which caused 5.47% leakage

in clean-shaven and 12.07% in bearded. The standail frames were the most

uncomfortable with the mask; the P 3 frames were the least uncomfortable.
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Luria, S. M. and Dougherty, J. It. (1984). L.akae into the navy ox yen
beathin. appratus when w.rn over spectacles (Report No. 1029). Groton,

(T: Naval Submarine Medical. Research Laboratory.

The Navy mask was tested over the same frames used in the preceding study

as well as with the OBA spectacle insert. The S-1O frame caused 100%

leakage, but the other frames increased leakage by less than 1%, with the

combat frame performing best.

McKerrow, C. B. (1955). Ventilatory Caacity. Unpublished M.D. Thesis,

Cambridge University, England. As cited by Cotes J. E. (1961) Physiological

Aspects of Respirator Design. In Davies, C. N. (ed.) (1962). Design and Use

of Resprators. Proceedings of a Joint Meeting of the Ergonomics Research

Society and the British Occupational Hyiene Society, held at Porton, 5 and

6 July, 1961, page 36. New York: MacMillan.

This researcher tried to define the resistance level sufficient to reduce

maximum breathing capacity (MBC). An apparatus with resistance of about

2 cm H20 at 150 1/min flow and about 5 cm H20 at 250 1/min significantly

reduced the MBC of 7 rnormal subjects.

Mahler, D. A., Moritz, E. D., ard Loke, J. (1982). Ventilatory responses at

rest and during exercise in marathon runners. Journal of Applied Physiolojy_:

Respiratory, Environmental, and Exercise Physiology, 52, 388-392.

Twenty male marathon runners were compared to twenty non-conditioned non-

smoker control subjects as to their ventilatory responses to hypercapnia

0 and hypoxia at rest and ventilatory equivalents for carbon dioxide anid

oxygen during exercise. No differences were found. Additionally, all

subjects underwent standard pulmonary function testing. There were no

differences between runners and controls on forced vital capacity (FVC),

total lung capacity, forced expiratory volume in 1 minute (FEVI), FEVI/

PVC, maximal expiratory flow at mid expiration, maximal voluntary ventil

ation (MVV), or lung diffusion capacity foi carbon monoxide. (Note-:

Using the standard Cherniak Rabcx prediction formula for MVV on the reani
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ages and heights of the two groups gives underestimates approximately as

great as those we found in our first batch of subjects In phase 1A.)

Morgan, W. P. (1983). Psychological problems associated with the wearing of

industrial respirators, A review. American Industrial fygiene Association

Journal., 44, 671-676.

This is a review article with 26 references. "Willingness to wear and

make proper use of respirators represents a significant problem." All

respirators cause some degree of discomfort. Restriction of vision can

cause anxiety and hyperventilation. Difficulty breathing and cumbersome

equipment adds to the energy cost of exercise. Restriction of communi-

cation can be unpleasant and hazardous. The lack of immediate subjec--

tively apparent effects from not wearing a device make it more difficult

to convince workers to wear them even if long term or intermittent

effects have been clearly demonstrated. "About ]0 percent of any given

group of test subjects experience an excessive amount of discomfort while

wearing respirators." However, since most subjects are volunteers (high

motivation) and healthy this may be an underestimate for the general

population. Valid psychometric instrumentation did not exist at the time

of publication for use in the identification of those individuals who are

more prone to experience distress while wearing respirators, but research

was underway.

Morgan, W. P. (1983). Psychometric correlates of respiration: A review.

American Industrial Hygiene Association Journal, 44, 677-684.

A review article with 41 references.

Morris, J. F., Koski, A., and Johnson, L. C. (1971). Spirometric standards

for healthy nonsmoking adults. American Review of Res•pirator_ Disease, 103,

57-67,

This is one of the most commonly used sources [or 'normal' standard

values for pulmonary [unction tests. Measurements were taken on 988

heal thy nonsmoking meil and women ranging in age from 20 to 84.
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Prediction formulas based on sex, age, and height were developed for forced

vital capacity, forced expiratory volume in 1 minute, forced expiratory

flow (FEF) at 25-75% of expiratory volume, and PEF at 200-1200cc. (Note:

Our SensorMedics MMC Horizon System 4400 uses the last two of these predic-

tion formulas. Cherniack and Raber formulas are used for the other tests.)

Muza S. R. (1986). A review of biomedical aspects of CB masks and their

relationship to military performance. Unpublished manuscript.

A review article with 65 references. The most relevant citations are

covered individually in this bibliography.

Raven, P. B. (1980). Clinical pulmonary function and the physiological

cftects of using industrial respirators. In Pa.ers from the NIOSH Interna-

tional Respirator Research Workshop (pp. 203-45). Morgantown, WV: National

Inst. for Occupational Safety and Health.

This study evaluated the effects of a full face mask respirator (inhala--

tion resistance of 85 mm H20 and exhalation resistance of 25 mm H20 at 85

1/min flow) on the pulmonary function tests of 31 normal subjects and 29

subjects with impaired respiratory function. The mask significantly

reduced forced inspiratory vital capacity and forced expiratory volume in

1 minute, but there was no significant interaction between impairment and

mask wear. Measures of dynamic lung performance such as peaK flow and

maximum breathing capacity were decreased by the mask more in the normals

than in the impaired subjects. When subjects performed treadmill exer-

cise testing with and without the mask, the normals differed frtm the

impaired n many measurements taken during exercise. During exeLrcise,

the mask increased end tidal C02, FICO2, systolic blood pressure, and

peak inspiratory pressure, while Leducing peak inspiratory flow similarly

in the two giroups.

iven, P. B. (1980). Respirator research: Where it needs to go. Thy man

respi ratwo inter face. In Papers from the NISH Intern-atiinal Resp[!,-,•l,

Research Workshop (pp. 51 65). Morgantown, WV: National Inst. for Occtipa

tional Safety and Health.
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High pr.urit,' research should include:

t"a. Produce a regulator valve capable of following the true respiratory

demands of the human.

b. Devise a d' namiw flow/resistance calibrating pump.

c Describe the psychophysiological responses of specific diseased

popula.ions io re,.pirator wear during rest and work.

d. Provide a siwple yet specific clinical test(s) which is response and

job related.

e. Validate the ):edictability of the screening test(s).

t. Evaluate training programs.

g. Reduce the weight be&-ing load of the respirators to a minimum."

Raven, P. B , Dodson, A. T. and Davis, T. 0. (1979). The physiological

ýA•consequences of wearing industrial respirators: A review. American

In'1ustrial Hygiene Association Journal, 40, 517-534.

A reviev with 45 references. The authors note the difficulty in making

general conclusions about the great variety of available respirators.

The most relevant papers are covered individually in this bibliography.

Raven, P. B., Moss, R. F., Page, K., Garmon, R., and Skaggs, B. (1981).

Clinical pulmonary function and industrial respirator wear. American

Industria]. Hygiene Association Journal, 42, 897-903.

Sixty ,ubjects, 12 with supeLior, '7 with nor-mal, and 1.1 ith moderately

impaired pulmonary iunction were evaluated with pulmonary function tests

with and without a tull tace mask espiratoi (inspiratory resistance of

85 and expiratory resistawce ol 25 mm H",' at 85 I/min flow). Tests which

measure the effort dependent flow ctaracteristics of the lung were most

affected by the respirator. Peak flow, wh,-i subjects breathed room air,

dropped by 15%, and maximum voluntary ventilation, measured over 15

seconds, -tropped by 18 to 321 with the mask. The respitator affected the

sub}bect5s 'with super3or .,ng 1 iction 10mo1e t haan thhose, who were modi rately

impai red. It was ,ugge-ted chat "in sevezely obstructed subjects (more

couid predict a ,slight imh,',lovefllell il1 liu g th nctiou dutii g ies>piratol
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Rengstorff, R. G. (1980). Problems with optical inserts in military

protective masks. Military Medicine, 145, 334-337.

Almost 50% of U.S. Army personnel wear eye glasses but only 30% of

glasses wearers have been issued optical inserts. Most optometry

officers believe that more people should have inserts and that the

inserts need major improvement to make them work better.

Savic, S., Dimitrijevic, B., and Mojovic, M. (1974). Respiratory functions

during physical efforts with the use of gas mask. Zbornik Voinomedicinske

Akademiie, 1974, 50-55.

(The following is based on the English -.ummary of a foreign language

report.) The effects of inspiratory resistance of 30 and expiratory

resistance of 10 mm H20, at 30 /mmin was studied. During exercise

sufficient to raise the heart rate to 170 beats/minm there was a decrease

of minute volume, increased blood lactic acid concentration, and

decreased respiratory rate. No effects were seen at lower. levels of

exercise.

Shephard, R. J. (1962). Ergonomics of the respirator. In Davies, C. N.

(ed.) Design and Use of Respitatoits (pp. 51-66). New York: MacMillan.
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Healthy male subjects were studied at rest and during bicycle exercise at

various work levels. Measurements were made while subjects breathed

against minimal resistance and while resistance was elevated (64 mm H20

inspiratory and 41 mm expiratory). At higher wotk levels increased

resistance reduced oxygen consumption (a decrease of 168 ml/min at a work

load of 1660 kg-m per minute), and reduced maximum air flow, and minuie

volume (by almost 20% each, at the highest work rates). Tidal volumes

were not effected at work rates below 1,107 kg--m/min. Above that they

tended to be decreased.

Skretvedt, 0. T. and 1.oschiavo, J. G. (1.984). Effect of facial hair on the

face seal of negative-pressure respirators. Industrial Hygiene Association

J3urrnal, 45, 63-66.

Bearded subjects consistently failed a qualitative test (isoamyl. acetate)

for fit while wearing either half or full facepiece masks. Using a

quantitative test (di(2--ethylhexyl) Phthalate) the median leakage was 8%

in the halt masks and 3Z in the full masks for the bearded subjects, and

.03Z and <.Ol% respectively for the clean shaven subjects.

,,pioci , F. M., Kobza, R., and Rump, S. (1962). The effects ot le'spiiators

on the physiological reac ti ons io physictl effort. Act a Physiologica

Po lo n i c a, 13, 63! 0 64 4
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Stemler, F. W. and Craig, F. N. (1977). Effects of respiratory equipment on

endurance in hard ,or k. Journal of Applied Physiology: Respiratory,

Environmental, and Exercise Physiolcgy, 42, 28-3z.

U.S. Army enlisted men ran at 11 km/hr on a 10% grade until unable to

maintain the pace. They were studied wearing a variety of respiratory

devices including the M17AI mask (almost identical to the M17A2 mask that

our lab has been working with). Enduvance, final heart rate, and final

respiratory frequency were reduced by all toe masks (even an M9 mask

modified by removal of facepiece aid expiratory valve). Thetre was a

rathcw smooth relationship between increasing i:esistance and decreasing

endurance. Average endurance decreased from 545 sec to 338 sect with the

M17A2 mask. They found a great variability in the expiratory phase at

the end of the run (against the theocv that a crritically short expi.ratoty

time is the factor that limits emýercise)) (Note: This data was also

pieesented in Edgewood Arsenal Technical Report N7. 16040-)

Supinski, (C. S., Levin, S., and Kelsen, S. (;. (1986). Caf.feine effect on

IC,;rspirattOIy muscle enduiance and senyse ol effort during ioaded breathing.

". .Journcii. of Appli ed Phys io logy, 60, )040 (u4/•(#

C 'a Ite if1c ( (60th mg) was I ound t o pi o 1 ong r-sp i: ator mu:;t 1. endui amnce
Id , i f , if 1) ;pil )kt hy t 1 's IlId l die g o t lof1. , i t+ it; ¶I 1. Ca(,i Ifit I ,

1 e 1 OA dt tIhe f 0I () 0 I I di li - o u :ig 1)d h ea 1i1ti, I iit m 1) 1 1

";I IuI I > .( t't'1 I. l IV I, Iv.kt' I ti o de Jl ;•iljt't'- t ,tu i' nollial IlIl l .in,

SI t on i ri hi ' ug t I 1 t i ()g tt ' (el I tI1 .1 1 '1 1 lldý' ti llt m 1 ()1 II I iied Ih s l it ' ('( ',l t

I 'lt oi il (fill i .iig :;t il,' e.! ' l i.':t J i iia l c t App I id

! I'iv,+ i• ':lw tl 'hY 111,11c ph'It'l> i i t l I+ 'l w dl,., 71t .ldiy t t • t 't l I ,": , .

•i•+ '+,'h i~I,+ It ,, h l, ,l:ll l~ l li,,-: 1 I+ Ilili1!'k1 l - ' IIt, < l ;k (' ýýl ýý itll ;'( [I) h )[1-* 111b lt t 10 >,".

• *+ . .,,ý d d ti,' , 1 (, ! 11,+ h ; (, , l it it,+'/ i + ,'' i t t '' p , ,it I, ' +],,th't , i ; t ',t,,tk 1' , 1'+ ,

. lwi ) ,'



"4•

during the 5th and 6th minutes Of exCIci-.c after a steady slate had been

established. There was a non-signiticant kiend for the moderatc resist-

ance to decrease the minute volumne du6Ling th- final two minutes of a six

minute obstruction period as comraz.'d Y.o the minimal resistance. With

the high resistance ritiuzre •.-,mes det.eased significantly in the Ist

minute after resistance' was at4ded and some degree of reduction was main-

tained throughout the period cf increased resistance. Oxygen uptake and

C02 elimination were significantly :educed in the first minute of high

resistance. Oxygen uptake was no longer significantly reduced after 2

minutes, although there was a signitir:ant ox;gen debt at the conclusion

of the obstructed period. C02 elimination was significantly reduced for

6 minutes, and oxygen and C02 ventilatory eqjivalents were significantly

depressed throughout the otbstructed period (because minute volume

decreased more than oxygen uptake ur C02 elimination). This suggEsts

that alveolar C02 tension increased and alveolar ventilation decreased.

Thompson, S. H. and Sharkey, B. J. (1966). Physiological cost and air flow

resistance of respiratory protective devices. Egnmc,9, 495-499.

Five healthy young males performed 5 miniute treadmill walks at grades of

H. 5 and lo/ with and without one of 3 masks (Mask 1: inspiratory

resistance (I)=2.3, expiratory (E)=0,72; 2: I=3.0, E=0.65; 3: 1=1.5,

E-f).93; all in inches of vatet at 85 I/lnin flow). At a high workload all

masks caused an increase in recovery oxygen consumption. Mask 1 caused

an increase after the low workload and Mask 2 caused an increase after

• ,the moderate vorkloiLd. Subjects unanimously selected the mask with the

lowes:t inspiratory resistance but the highest expitatory resistance (Mask

3) as the most comfortable to work with, while that with the highest

inspiiatory and lowest expiratory resistance (Mask 2) was considered

least com.foi table.

Van Huss., . D. , Hartman, F. , 'iaig, F. N. , and Steir.ýhaus, A. II. (1967).

P,,-.-pitatofi y huIden o f t he f ield Pi ,Wect iVe mask Inidei e-xel -'e; load

Ah ),,t act) Federat ion Proceedings, 26, 121
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Thirteen highly trained university trackmen wearing army boots and

fatigues performed timed 1/2 mile runs and 10 mph, 0% grade treadmill

runs to exhaustion under four conditions: bareheaded, with M-17 mask

with filter bypassed, with M-17 mask using filter, and with M-17 mask

plus M-6 hood. There were progressive significant increases in 1/2 mile

time (from 157 sec bareheaded to 166 sec with mask and hood) and

decreases in treadmill endurance (from 449 sec bareheaded to 328 sec

with mask and hood). Exercise pulse rates decreased in proportion to

the magnitude of the added respiratory resistance.

Wenger, C. B. and Santee, W. R. (1986). Respiratory problems encountered

with M17 mask during testing in a hot-humid environment. Unpublished

memorandum.

Seven soldiers wore the M17 gas mask along with other protective

clothing while performing intermittent exercise in a 29°C environment

with 85% relative humidity (conditions soldiers can be expected to

encounter). After 54 minutes in this environment subjects started to

complain of ammonia odor or taste, eye irritation, and breathing

difficulties. A repeat test with masks without outlet valves still

elicited similar complaints from some subjects. The investigators state

that apparently such problems have been previously known to occur with

this mask, but none of them had been aware of it.

HOPP Gear

Atterbom, H. A. and Mossman, P. B. (1978). Physiological effects oni work

pertocmance of vapor-barriei clothing and full-face respirator. Journal of

Occupational. ediciioe, 20, 45-52.

Thiee males were .studied with arid without vapor-barrier clothing

including a tull face respiratot while performing a series of exe-lcise

Iprotocols oil bicycle ergomeeter;. The suits caused decieeaued wo,•!

performance (a decrease of 28%), aerobic metaboli.sm (VO2sax down by

12%), and toleran(e time (down by 14%). Even at rest, th.l• wli

ilnor a-vl, in he-I t niate (10%) and, skil temp,- atur (?' ) an, 1d ,x.:vgt,,1
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consumption was reduced (1012%). An expanded follow-up study was

planned.

Avellini, B. A. (1983). P~hysiological evaluation of chemical protective

clothing (Technical Report No. 151). Natick, MA: Navy Clothing and Textile

Research Facility.

Volunteers performed up to 3 hours of work in comfortable, warm humid,

hot humid, hot humid with wind, and hot dry environments. They wore one

of the following: standard U.S. Army utility uniform with butyl boots

and gloves and Navy Mark V mask; the British Mark III CW outfit; or the

Norwegian Helly-Hansen CW garment. Each outfit was worn 3 uays: alone,

with an impermeable wet-weather cover, or with that and a wettable over-

cover, The least stressful CW ensemble was the Mark III alone. The

most stressful were the Norwegian and Mark III with wet-weather overgar-

menrt. The outer wettable cover decreased heat stress suoewhat as did

the presence of wind. In the comfortable environment (22.2 C) subjects

were able to complete the 3 hour of work in all outfits and the maximum

increase in rectal temperature rise was about 1.2 0 C. (Note: This

suggests that, with our protocols, elevated core temperature should not

be a problem.)

Belyavin, A. J., Gibson, T. M., Anton, D. .J., and Truswell, i. (1979). Pre--

diction of body temperatures during exercise in flying clothing. Avi.ation,

Space, and Environmental. Medicine 50, 911-916.

Eight unacclimatized males perfoLmed work of various intensities (about

W0 to 100 W) alternating with rest for up to 4 hours duration while

wearing either the standard helidcopte, summet aiLctiew equipment assembly

or the standard helicopter summer ii(lear biological chemical protective

aircrew equipment assembly. There were two environment (Hi: dry bulb

temperature (t d ) of 310 C and a vet h,.l temperatuire ( t .) 25n 0 C; H12 tdb

of 28 C, twb of 2 hOC; hoth with roiiv ye hnumidity of 50. andd

of ).0 I!'/s, R-diant heat tot -o nd r o a giobh . tm iperatmit' Of VIlo-(

ill H i 111d 04 i 1) 11) vi ý iid d " ý( d ? I I ii ( lip' t h I i elll 1 I e I c s e 1) ( ' I o

4141



auditory canal near the ear drum, insulated with cotton wool) reached

38.50C and the test was terminated if it did not drop below 38.3 0 C

during the next rest period.

Generally, subjects wearing NBC equipment were unable to complete the

t tests. Equations were derived from the data to predict core and skin

temperatures from starting temperatures, level of exercise, duratiion of

exercise, radiant heat load, and various [actors related to clothing,

environment, and subject. Prediction curves were given for the changes

seen during the first 80 minutes of the experiment under the different

environmental, work, and clothing corditicns. These curves indicate

that a subject in NBC gear could complete 80 minutes of 50 watts

exercise under all the environmental conditions, but, at a level of 100

watts, in the HI environment or in either environment with radiant heat

"then core temperature would increase to 38.5 0 C after about one hour.

Benn ion, S. 0. (1982). Designing of NBC protective gear to allow for

adequate first aid. Military Medicine, 147, 960-962.

Current MOPP gear interferes with medical evaluation including

determining vital. signs. This article discusses possible modifications

to facilitate medical evaluations which are likely to be needed in

actual chemical warfare situations. The alterations are as follows:

a) A small pouch in the side of the gas mask or the hood to allow

i troduction of a thermometer.

b) A small impermeable thin rubber diaphragm ovec the brachlal fossa

(elbow) covered by a protective cloth flap to allow for blood

pressure and pulse checks.

c ) A protective glove with Ithia tubber protection ever the first and

second digits to allow more finger sensitivity in checking pulses,

This glove would be protected by a heavier glove when the wearer was

.not eval atirat.g i:a patient.

oense I ( C. K. (1980) A human fartot: eval ation of two types ot 'ja.lhbr 'i,

proLec(tIVe gove, (Tech. Rept . No. 80) 005), tatick, Mass: I0.S. Aj.r>. Nat ick

Resea ich (I ,t iii Deve I ptfen t Cormmand.
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Subjects performed manual dexterity tasks while bare handed and while
wearing butyl gloves with and without leather over-gloves or neoprene

gloves with and without leather over-gloves. Dexterity scores were best
with bare hands. However, the butyl gloves worn alone did not signifi-
cantly decrease speed of performance. The other protective combinations
did cause significant decrements, but the effects of the neoprene glove
worn without leather over-glove were very small. (Note: this study used

the same tasks as McGinnis et al., discussed below, plus a rifle
disassembly/assembly task. That study did find significant decrements

with the butyl glove.)

Brooks, F. R, Xenakis, S. N., Ebner, 1). G., and Balson, P. M. (1983).
Psychological reactions during chemical warfare training. Military

Medicine, 148, 232-235.

A report of psychiatric symptoms which occurred during a 6 to 8 hour
chemical warfare combat field exercise. All 70 participants had
previous intensive training with chemical protective gear and gas

chamber exercises. None the less, 3 experienced sufficiently
debilitating symptoms to require removal from the exercise and 11 others
experienced significant symptoms but were able to continue after
reassurance and relaxation. Symptoms included panic, confusion,

dyspnea, and fear. In several ci-ases these symptoms occurred within the
first 10 minutes of the exercise. Overall, there were psychological
symptoms and behavioral problems in 20% of all the soldiers involved in

the exercise.

Carter, B. J. and Cammerneyer, M. (1985). Biopsychological responses of
medical unit personnel wearing chemical defense ensemble in a simulated

chemical warfare environment. Miit arl] Medicine, 150, 239-249.

One hundred and five army personnel participated in an exercise

involving wearing MOPP IV gear for I to 2 houts while perfolrming medical
support actt Vit1 t l•es Subj ?Ccts were informed in advance that the purpose

of the study was to investigate biopsycho]og.lcal responses to the gear,

and oach suhject fii el ou t a que.stionnaire immediateiy after the
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exercise. Sixty-nine percent reported some response, most often rapid

breathing, shortness of breath, or loss of side vision. Seven subjects

did not wear the gear as required, 5 subjects did not complete the

exercise due to symptoms, and 3 subjects terminated due to difficulties

with equipment. There were no significant correlations between

demographic characteristics and whether subjects were able to complete

the exercise. There were only mildly significant correlations between

such characteristics and the presence of specific biopsychological

responses.

Carter, B. J. and Cammermeyer, M. (1985). Emergence of real casualties

during simulated chemical warfare training under high heat conditions.

Military Medicine, 150, 657--663.

One hundred and ninety five medical personnel participated in a 3 day

I, chemical warfare field training exercise. At least 5 MOPP gear related

"real casualties" occurred (apparently some other subjects terminated

without reporting to the experimenters). Most casualties were ielated

to running in MOPP gear when the WGBT reading was 77.7 0 F. Signs and

symptoms included dry skin, irregular pulse, rapid breathin and

shortness of breath. Contributory factors included hay fever, oaesity,

pain medications, inadequate food and water intake, and sleep

deprivation.

Cacioppo, G. M. and Annis, J. F. (1984). Study of sleeping in a chemical

protective ensemble in a warfare environment (Technical Report No. 84,'006).

Natick, MA: U.S. Army Natick Research and Development Center.

This was a pilot study. Two subjects slept overnight in an environ-

mentally controlled room (25°0C dry bulb, 20°)C wet bulb, approximate RH

65%, airflow 40 feet/minute) while wearing either pajamas, the West

(German ground crew chemical protectti e ensemble (CPE), the Canadian PF,,

or the U.S. Army standard ground crew CPE. Rectal and skin tempeii

tures, sweat rate, and .single channel IEG arnd EMG were monitoie i1

auditory alarm was presented for 20 sec 4 times each night to simulate

combat noise.
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Statistical analys is was not done because of the small sample. ize.

There was no apparent thermal, burden from the CPEs based on body

temperatures. However, the subjects frequently complained of heat and

sweat. Sweat loss increase averaged 52% for one subject and 23% for the

other when the CPEs were worn. Sleep latency and times awake were

similar in pajamas and any of the CPEs. The amount of slov wave sleep

was similarly reduced by any of the CPEs. Subjectively, the subjects

reported worse sleep in the US CPE. Unconscious total removal of gloves

and/or respirators occurred several times.

Cole, R. D. (1983). Heat stroke during training with nuclear, biological,

and chemical protective clothing: case report. Militar.y Medicine, 148,

624-625.

A 25 year. old black male sergeant was noted to be unable to follow

commands after training for 3 hours, while wearing NBC protective

clothing, with intermittent use of the protective mask (under conditions

of 80°F, with 84% humidity). He was transferred to a hospital with BP

190/70, pulse 136, respiration 36, oral temp 101.4 F, and rectal temp

106.4 0 F. No reason for particular susceptibility was discovered. He

recovered with cooling and hydration and there were no apparent residual

problems. However, if his mental status had been overlooked he could

easily have died.

Fine, B. J. and Kobrick, J. L. (1987). Assessment of the effects of heat

and NBC protective clothing on perfor..ance of critical military tasks

(Technical Report No. T1I/85). Natick, MA: U.S. Army Research Institute of

Environmental Medicine.

Twenty men trained for 2 weeks in tasks similar to those performed by

fire direction center personnel. They then performed the tasks for 7

hour periods on a successive days. Days 1 and 3 were in standard battle

dress at /0oF, 35% relative humidity (RH). Days 2 and 4 were in MOPP

gear at Y5 0°F, % RH, and 91 0F, 61% RI11, respectively. MOPP gear,

particularly in association With hot conditions, caused a significant

increase in vr-orrs of 0 omi Ss1ion



Fine, B. J. atid Kohri'.,k, J. ,!. (1987). Effect of heat and chemical protec

tive clothing on cognitive performance. Aviation, .pac,., and Eavirontr.ental

Medicine, 58, 149-1.54.

Twenty-three well trained men performed several sedentary tasks for 7

hour periods under 3 conditions: in army ba~tle dress at 21.1 0 C, 35%

relative humidity (RH); in Mission Oriented Protective Posture (MOPP)

clothing at 12.8)C, 35%R!H; and in MOPP gear at 3 2. 8 °C, 61%RH. MOPP gear

alone caused decrements in some task performances during some time

periods. MOPP gear with heat stress caused decrements in all task

performances and decrements tended to be progressive over the 7 hour

sessions. By the end of 7 hours there was a 17 to 23% increase in group

error on investigator-paced tasks.

Goldman, R. F. (1963). Tolerance time for work in the heat when wearing CBR

protective clothing. Military Medicine 128, 776-786.

Two semi--permeable protective outfits with gas mask and hood were

studied in resting subjects under various environmental conditions (85°0F

with 75% RH, 95 0 F with 50% RH, or 1050F with 20% RH). All 8 subjects

were able to go over 4 hours without reaching a cutoff heart rate of 180

or rectal temperature of 39.5 C (the actual heart rates and temperatures

achieved were not given). The same suits, with and without MgAl gas

masks and M4 hoods and or the additional weight of armor, were studied

in 4 subjects walking at 2.5 or 3.35 mph (with a 10 minute break every

50 minutes) at either 75 F 50% RH or 95 F 50% RH. At the lower speed

and temperature, all subjects could complete over 4 hours with the gas

mask and armor. In the higher speed-lower temperature condition, ,,ome

subjects completed 4 hours. At either speed vith higher temperature no

subject completed 4 hours. The addition of mask and/or armor, under all

conditions except for the low speed-low temperature combination, reduced

tolerance time (subjects stopped the test themselves or were stopped

because of heart rates >180). Frequently, when a man was stopped

because of a high puIs5e, rectal temperature reached 39. 5 F during thie
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recovery period, with temperature continuing to rise for, 10 to 1.5

minutes after a subject stopped walking.

A subsequent field study was carried out under condition)s of solar

radiation increment of about 10 F with temperatures between 70 F and

90°0F and relative humidity between 30 and 75%. Physically conditioned

heat acclimated men participated in a 10 day trial rotating through 5

different uniforms (the standard utility uniform or one of two CBR-

protective uniforms, with or without gas mask, hood, and gloves), with

and without body armor. Subjects walked on a track at 3.75 mph with 10

minute break every 50 minutes for up to 4 hours. At ambient tempera-

tures below 750, the two protective outfits with mask, hood, and gloves

but without armor, did not significantly reduce tolerance time as com-

pared to the utility outfit. At temperatures above 75 F, there were

very significant reductions in tolerance, especially when the outfits

were worn with mask, hood, and gloves (from about 100 to about 30

minutes).

Hamilton, B. E., Foles, D. and Simmons, R. R. (1982). Performance impiact of

current United States and United Kingdom aircrew chemical defense ensembles

(USAARL Report No. 82-9). Fort Rucker, AL: U.S. Army Aeromedical Research

Laboratory.

A study comparing helicopter pilot performance in the U.S. (2-layer,

2--piece overgarment with rubber boots and gloves, and M-24 mask and M-7

hood) and U.K. (MK-5 respirator under helmet, power supply system. hood,

one-piece coverall over close-ribbed cotton underclothes, neoprene cowl,

0 and electrically powered filtered blower/ventilator) CD ensembles to the

standard flight suit, in a hot environment. Each of 6 subjects wore

each suit on different days.

Tests lasted up to 4 hours, vith br eaks after -ýach hour when the subject

could drink fluid ad lib. k 15-20 minute rest in the shade was allowed

after 2 hours. Tests were terminated at the qubjects request, it ther-

was apparent doeterioration in performance or mental status, if rectai

temperature exceeded 38.5(0C, if itectal temperature was, withii 0.50 C of

14
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skin temperature, if heart rate exceeded 140 for 10 minutes, or if there

were mechanical or weather problems. Ambient temperature varied.

Temperature means and ranges were not given.

Aviator performance was not significantly degraded by wearing either of

the CD suits. Two subjects exceeded the above described heat safety

criteria while wearing the U.S. suit. These subjects maintained their

performance up until the tests were terminated. No subjects in the U.K.

suit exceeded the criteria.

Hamilton, B. E., Simmons, R. R., and Kimball, K. A. (1983). Psychological

effects of chemical defense ensemble imposed heat stress on army aviators

(Technical Report No. 83-6). Fort Rucker, Alabama: U.S. Army Aeromedical

Research Laboratory.

Six male U.S. Army officers wore each of the following during up to 4

hours of flying a helicopter in hot weather: I) the US. Army aircrew CD

ensemble, 2) the UK aircrew CD ensemble, and 3) the standard U.S. Army

flight suit. The suits were worn on different days in random order.

Portions of the Walter Reed Psychological Assessment Battery (PAB) were

administered before and after each flight. Performance did not vary

consistently between the suits. However, when subjects were divided by

degree of heat stress (slight = those showing no cousistent elevation of

pulse or temperature; moderate those showing consistent elevations but

less than HR > 140 for 10 minutes, care temperature > 38.5 C, cr mean

skin and core temperature within 0.5 C; severe = those removed from the

trial because they met one of the preceding criteria) there were

differences. Those with slight stress showed better perfotmances than

control subjects who spent the day in isolation with little to do.

Those with higher stress showed deterioration as compared to ba,:eline

performance, as did the control subjects.

Hamilton, B. E. and Zapata L. (1983). Psychologigcal mei.n.isoemn•- t s du. i .i:, 11

wear of the US aircrew chemical. defense ensemble (USAARL Repoi t No. 1/

Fort Rcket, AL: U.S. Army Aeroomedicai Rese'ar.h !,aboratory.
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"Abstract: The psychological (as opposed to physiological.) effects of

wearing a US aircrew chemical defense ensemble were evaluated using 12

male and 12 female volunteers. Half of the males and half of the

females wore chemical defense ensembles while the rest wore standard US

flight suits as controls. All subjects were administered tests of

cognition (math, logical reasoning, target detection, and reaction time)

before and after 6 hours of wear in a controlled environment. In addi-

tion, subjects rated their mood before and after wear. It was concluded

that wearing the ensemble in an undemanding environment degraded affect

(mood and activation levels), slightly decreased accuracy and substan.-

tially decreased [i.e. improved] reaction times [on correct responses in

serial math, target detection, and logical. reasoning], especially in

females. The most serious impact of the ensemble would seem to be a

[9%] decrease in morale among females."

Harnden, P. G. (1986). Fortran proram to predict rectal. temperature and

heart rate response of a person working in MOPP-4 (Technical Note No. 4-86).

Aberdeen Proving ground, MD: Human Engineering Laboratory.

This report presents a computer program which predicts heart rate and

rectal temperature for subjects doing intermittent work while dressed in

MOPP4 gear. Their,- formula cannot be applied to our data because the

lengths of the work and recovery cycles are not fixed, but depend on the

subjects response (i.e. a work cycle continues until heart rate and/or

temperature reach set limits, and then the rest period lasts unitil those

parameters drop below other limits).

Headley, D. B,, Brecht-Clark, J., and Wittenburg, J. (1987). Sustained

performance capabilities of crews in standard and protectiv•e work ensembles.

Unpublished manuscript.

Crews peot olming arti [ie ry opueratiowý,' wear ing fill ploteoct ive ensembles

in ambient temperatures of about 4)°0 F wete onvly able to work for about 2

hours because of iet-ent ion o tbody bhtat (body ,apera u not given•).

Crews dressed in s-andaid dty inifOm (ootold work fo! 24 honrs,:. T'ho-,e



in protective ensembles also showed much greater latencies to fire

rounds than those in standard uniform.

Henane, R., Bittel, J., Viret, R., and Morino, S. (1979). Thermal strain

resulting from protective clothing of an armored vehicle crew in warm

conditions. Aviation, Space, and Environmental Medicine 50, 599-603.

Subjects performed 90 minutes of bicycle ergometry at a level simulating

the energy expenditure of an armored vehicle crew (50 W) with ambient

conditions of 35 0 C (wet bulb 27 0 C) and wind speed of 1 m/s. The

ergometer rested on a platform allowing continuous accurate weighing

providing a measure of evaporative rate. Testing was performed nude, in

standard French Army combat clothing, and in that clothing with the

addition of a heavy protective overgarment and rubber gloves (but no

mask). No fluid intake was permitted during the test.

Energy expenditure increased progressively from the nude to the over-

garment condition, due to increased equipment weight. sweat rate also

increased considerably (from 493 to 1005 g/h). Evaporation was reduced

by 22% in the standard outfit and 42% with the overgarment, as compared

to the nude condition. body temperatures stabilized after about 50

minutes in the nude condition but increased progressively with clothes

(much more with the overgarment). Estimated toletance time (time to

reach a mean body temperature increase of 20 C over resting conditions)

was 8 hours nude, 1.9 hours with standard outfit, and t.4 [touis , ith the

overgarment.

An index of water permeability , defined as the tat io of evapotatiou tate

with clothing to that present without clothing was .,'8, t.,i the stanWdiid

outfit, and .58, with the overgaiment, It was suggested that thi,` nig.ht

be useful in tanking the phy'ýiological sttain a given out it i ',,,lr

cause.

Johnson, R. F. aid Sleeper I., A. (1 )8 ). Eftfe'cts: of: chemtical piot fl•,

handweai and headgear on mainual kex ti it- i I Ny. liP e ug ttleli

I
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Factors Society 30th Annual Meeting (pp. 994-997). Santa Monica, CA: Human

Factors Society.

Manual dexterity was reduced and learning of manual tasks was slower

under gloved conditions than with bare hands. Wearing the MITAI gas

mask had no effect on performance.

Joy, J. T. and Goldman R. F. (1968). A method of relating physiology and

military performance. A study of some effects of vapor barrier clothing in

a hot climate. Military Medicine 133, 458-470.

A chemical biological (CB) protective suit with an M17 gas mask with or

without M6 ,ilastic hood and chemically treated gloves was studied during

various exercises performed in the field. Subjects were removed as

casualties: if they reached a rectal temperature of 39.5°C without

symptoms ("not sick"); if they had syncope, vomiting severe abdominal

cramps or persistent retching ("heat exhaustion"); or if they collapsed,

without syncope. or could not continue ("physical exhaustion'). Ambient

temperatures were stated to be "average summer t.mperatures for

temperate zones".

The ntUmber of casu,-ltie!eo wa.Si nimilai whetheir or not the hood and gloves

welk, wo0n. Only V.0 ot the "hleat (e:haustion" casual]ti e,- actually had

rectal I'npotlatures > f9. )0 C, whi le /1% of the "physical exhaust ion"

gi oup did. ()f the ('ca suaIt i (' 41'. we "ri o' t ick'", 20% ha d "heait

exhau's t i o '", and I ?2 had '"phy o I'l ,xha.l t ion'' (the I cmil.indei .s;toplped

tf)I t I Ino IiIt ela e ea( 00 Ior at Iu ooII ýýkI ' 1)1 11- t ai I- I Skil j er to ý; a I IV 1f

heiv ici leoad' slhowed gi-ea tel I I k, 1 1 ' t 'A t teiperat lor Sub cc)t',t'1) in1

pIote•-,t c (V out fit. (uo lId not dI ii -1- 1 't i it I i Ig the ex> i ojoe . By the

t.tid ol )!.5 hlouii.• the(y had Ilo..t ,tui 1,c-lage of 4.')% oC th(ii body weight

tiOtn Stalvtiotin atlld (]lf'hVdlationl. !, n l tatigtlf, di auk I I i tel (

I w tr t Io I1I f .l I I u only rout ol tlj)-)111 t j':tiPlli ty wV. n , in g .,

ira. V I oad ld'Aet r : tht t V ' I lo:t I1 v I k- ' t wo iW t I • ,

It l, t I t itV v doid li t) 1t'10, t t t ovt

I I U 'il [ ,' l• 1 I• tl! .



King, J. M. and Frelin, A. J. (1984). Impact of the chemical protective

ensemble on the performance of basic medical tasks. Military Medicine,

149:496-501.

Wearing MOPP-4 gear with regular protective gloves or with a prototype

"tactile glove" slowed the performance of basic medical tasks by medical

specialists (MOS 91B, skill levels 1 and 2). Practice over 6 days

decreased but did not eliminate this decrement. The prototype gloves

tended to develop flaws.

Knox, F. S., Nagel, G. A., Hamilton, B. E., Olazabal, R. P. and Kimball, K.

A, (1982). Physiological impact of weari] aircrew chemical defense

protective ensembles while flying the UH-IH in hot weather (USAARL Report

No. 83--4). Fort Rucker, AL: U.S. Army Aeromedical Research Laboratory.

Each of 6 male aviators flew a JUH-IH helicopter while wearing each of I

ensembles: the standard LIS Aimy flight suit, The US army aircrew

chemical defense ensemble, or the United Kingdom aircrew chemical

defense ensemble, in random order. Ambient ';BGT tempeiatto re ianged from

21 to 350 C. Tests were terminated if heart iate exceeded 140 BPM tot 15
0itiute!', if core temperatIu o exceeded 38.5 C, 0l iI mean sk in

temperature was within (). 5 0 C of 'ote temperatore. It was found that, it

we' l a c"liliiatized ý,Viators did not preflight and could dtink w, ,t,: eveoty

hoo,, they could fly fV , at ieasIt one full load (about 2 hs:-;) in (1)

enskti) e, h) cfoIe anly of bheorn experienced boal stloss. Beyond thiI

poil t, thosle Who •we• hc.a,.,io, t at their height and who wetle ove( ))

y al s; old w(etr, at greit, e i is:k of loa t l stitoss. Heart .ate was toind to
e,0 I .I oI e 501)v i t V , inll i(',at o0 f1 1•tt st 1 t I k 5; I bItIll (lOlt, () I k in II

t t, (I]r s-. Ilr t at II d I t I t ll) p t •I at It I 5 .olgg(,s;led thdt h ,a IV

CD 0 11 enstmh t, was1I 5o I llt(,, I t Ill I c It ( e ;s; t I! I thil, the LW 'ts I ' 0 . tha

I o i (I(; 4. t t it ~ to i i i fon I ll /I et 'PI II ii I h, H
tIIII1,l)i•) , and . lj it l is in IhI( , US. Mea itWk ,i t loss so 0,"'ý, 1,I

tt a t t ) . , Uil d t tl I s 1o t I



Kobrick, J. L. and Sleeper, L. A. (1986), Effect of wearing chemical

piotective clothing in the kicat on ig•,l detection over the visual field.
Av.i.ation Sace, and Envincumental Medicine, 57, 144-148.

Male soldiers were tested on sensitivity for detecting visual signals

distributed throughout the visual field. Te..cs were run in fatigues at

700 F ambient temperature and 35Z relative humidity (RH), and in MOPP

geai at either 550 F/35% RH or at 91 0 F/61i RH. MOPP IV gear

significantly increased overall reacti on time for signal detection

particularly for stimuli in• the peripheral portions of the visual field.

Exposure to heat caused further de-erioration. However, there was no

progressive cumulative effect over the 8 hour testing sessions.

Martin, H.de V. and Goldman, R. F. (1972). Comparison of physical, bio-

physical, and physiological methods of evaluating the thermal stress

associated with wearing protective clothing. Ergonomics 1b, 337-342.

The effects of: UIS Army fatigues; UK charcoal deposited chemical.

protective garment: US Charcoal filled foam protective go•rment; arid U1J

two-layer impregnated longjohns, mltt impregnated fati-.ies, permeablc

gloves, and socks on heat retention, sv ating, arid evaoo-ative heat 1o,:

were studied. Tests were done on soldiers and using hcated [la, plate

measurements of the material, ard heated copper manikin Studies Of the

outfits. A computer model of human (hetinal balance using the laborator,

results fot insu~aý.ion, water : pox permeability index, and evaporative

potential did not correLcne signifi-anw ly with the -esults based on the

h~uman studies, indicating a need ict adjus-tlnent ot th- ,oimula. All

eigh-t ub~c'ts were able to c1mle 0 11. minues ot exerci:.e (walking at

,A n. ph ,': o. with a 10) rt iute brt.,ik it.er 50 ic tures) in all tht outtf ts

withotut gas mask, o'xcept tot sibje Ty; iii the• I;S imptvegnia,-d ]ongjohns

and fatigue outt'it who dropped out atter 5, 10)0, and l ') ri:,1rt s . When

tt!& ut Ioits we'e worn with the Ml! gas> mc-sk no inhjcc.• ithe Jongjohnn-

•a t igtc conilbrx tI i , aita d ornlý' four ;tb tjects in the W. , L . i, filled

toam garn'-!'l t eul 'l ro li.u te t 11) 10 mitoltef- . ) S irh ,e': b i, tidrawin

! il the tfrt ist tie body h at tmage v lke ie c l. ii( Ht)ll "!,, I , ' 1,.
km"-'-v it 'v'i bi ii <t ', Urn',t t bec~ioY. P; tit~le .' •l-de i Jig I~t+ Mi/ tP!f4 '!•t~
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caused an insigni ficant increase in sweat rate with a significant

decrease of 8% (p<.Ol) in evaporation.

McGinnis, J. M., Bensel, C. K., and Lockhart, J. M. (1973). Dexterity

afforded by CB protective gloves (Technical Report No. 73-35-PR). Natick,

MA: U.S. Army Natick Laboratories.

The current (then) chemically impregnated cotton glove, a butyl rubber

glove (now standard), and tne butyl glove worn under a leather glove

were compared to bare hand ;,zrformanL,_: of manual dexterity and firmness

of grip tasks. The biityl glove alone performed best of the three

protective gloves, even imp~oving firmness of grip. However, it still

significantly slowed pertormance ( all the dexterity tasks.

Muza, S. P., F ~m•-•t•], N. A., and Cosimini. H. M. (1987). Effectiveness of

an air cooled vest using selected air temperature, humidity and air flow

rate combinations (Tecnnical REport No. T22-87). Natick, MA: U.S. Army

Research Institute of Environmental Medicine.

Following 4 days of heat acclimation, 6 subjects attempted 4, 300 min

heat exposures. Subjects worked at low (175V!) and medium (315W) rates,

in a cli:nactic chamber: kept at 49 0 C dry bulb, 20 0 C dew point,1.l m/sec

winid speed, while. wearing chemical wa.rfare protective clothing over a

combat unifor:m, protective vest, and -he USANRDEC air-cooled vest. Four
0, 0combinations o. dry bulb (22.5-ý7.5°77 ) and dew point (15.5-21.1 C) and

flow rates (10 or 14.5 cfin) were supplied t-j the vest. Results were

compared to control and experimental results trom an earlier study usi1,ng

'a dii f 3 e.r ept ( o, I ing vest (Pim en taI et al , .Avi.at ion, S.pace-,, a id

SEnvi -ronmentaal Medicine 58:119 124, 1987). These vari ous coid itions

redoctd but did not prevent body heat storage, improving eioarance time.

iAt the: higher ne tabolic iat'..e thi vest was less ef fert iyive than that

9. previ,'Hously te.v ed. Hovevel, thai vest 1eq, ired a lagc capaic:ity ai

" c i oh-d n iglg vh: y, tte .and at ware 1 te i a 1d. Ve, u I s 0 n ta

in t,' ~ h cy Lv eyst.ý woilld be uIi,:d.



Rakaczky, J. A. (1981). The effect of chemical protective clothing and

equipment on combat efficiency (Technical Report No. AMSAA--TR-313).

Aberdeen Proving Ground, MD: Army Material Systems Analysis Activity.

A data base was developed as the first stage in a program to assess the

effects cf chemical protective clothing on combat efficiency.

Additionally computei simulation programs used to evaluate doctrine,

training procedures, equipment and battlefield scenarios were modified

or developed to irlude the effects of chemical warfare. (This

information was given ir a draft interim note released January 1981.

The ullowing is from a ,Rter report released November 1981 under the

s.ame report nvmrber.)

Tables of estimates of performance efficiency (tirrc required to complete

selected maneuvers) of vatious types of military units without

protective clothing ar.d in MOPP4 protective gear at 200, 500, and 85°F

are present'd. These estimates were based on worrk iest cycles designed

to generate negligible heat casualties at a given work level (low - 150

SKcal/hr, •noderate = 200 Kcal/hr, or high = 400 Kcal/hr) and temperature

(humidity is not addressed). In MOPP4 gear at 21 C (70°C), the closest

approý imat4ion to our laboratory conditions, it is suggested that: at low

work levels any reasonable work/rest periods will suffice; under

moderate work lovels 40 minutes vorkizO minutes rest is recon'meaded; and

under heavy work conditions 20 minutes 3f work/25 miintes of rest is

recommended.

SRauch, T. M., Barideret, L. E., Tharion, W. J , Munio, ITt, l rs jiem , A. P..,
and !.;hnkitt, 3. (198(). Factors I nfluencn$ the su0'ained peqformance

capabilitie.s of 155MM Howi'zk.r sections in simulated conventional and

chemical ,vaiai_ eri•wi •on ients (rIeport No. T11-86). Natirk, MA: U.S. Army

.a ch Institui.. of Environmental Medicine.

A 24 hoor liwe Hi.i- qcemarJo, sustained operation proto,-ol] was i,:'ed.

SOt lc t l p i,' s etdý,•z tasks from the Army Tiniaiiing and E ý:.Juat.ton

Pr oj; :r: ()100, (cither ii hatý 'Fe n , i•s ,roi: orr o, in Mi;PP4 geatr , A e r ge

Sdayriti ,: t:mpo a~t rc, •aiged Irom .)4 to l).) V. A perfoiJ ancr('P ts m t



battery was used to assess psychological. status prior to starting the

field test, at 6 hr intervals during the test, and at completion or

termination of the test. MOPP4 trials had to be terminated after about

V 2 to 4 hours because of "medical casualties", those who voluntarily

withdrew or who were withdrawn by the medical team (medical critaria

were not given in the report). Perceptions of psychological rather: than

muscular fatigue were the primary factors found to affect and cr-rrelate

with sustained artillery performance. MOPP4 endurance was chiefly

limited by symptoms related to breathing difficulties and therm:.

discomfort. Casualties reported a greater tendency to tire quickly,

perceived their duty position to be less stressful, and expiesseu

greater motivation to volunteer for the study because of the cha'.len-.e

than survivors.

Rauch, T. M., Witt, C., and Banderet, L. (1986). The effects of wearing

% chemical protective clothing or; cognitive problem solvin• (Report No.

T18/86). Natick, MA: US Army Research Institute of Environmental Medicine.

Subjects performed cognitive problem solving tasks over 24 hours of

testing. Wearing MOPP level 4 significantly impaired speed of cognitive

problem solving compa-ed to MOPP 2 and NC-MOPPI conditions.

Rich, L. T. (1985). Analyical evaluation of current United States Army

,guidelines for soldiers wearing NBC p_rotective overgarments under various

environmental conditions (no report number given). Alexandria, VA: HODA,

MILPERCEN (DAPC-OPPA-E).

This report evaluates Ibe US Army MOPP4 chemical protective configuc-

ation. Previous safety guiIdelines (FM 21-40) were found to be

inadequate because of failure to consider the important effects of

humidity on water loss and body heat accumulation. A previously

validated computer model of the human thermal regulatory system was

used. Maima.l core temperatures for negligible (no mote than 5% of

wor k fore i keiy to he incapacitated) and minimal (l ess thani "5"7 of

su 0j e ts .I at risk tor heat exhaust ion) were set at 38 and 390 C

respect ive iy Graphc." of code temperature vs time and water loss vs time
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for continuous low (250 watts), moderate (350 watts), or heavy (500

watts) work in MOPP4 gear at various temperatures and humidities were

given. Similar graphs for intermittent work using the previously

recommended work rest cycles (FM 21-40) were also given. A safety limit

for the amount of water that can be lost was presented. Water loss was

found to be the limiting factor at moderate temperatures and at high

temperatures where only low level work was done.

Smolander, J., Louhevaara, V., and Korhonen, 0. (1985). Physiological

strain in work with gas protective clothing at low ambient temperature.

American Industrial H$_iene Association Journal, 46, 720-723.

Seven experienced fireman and one mechanic in average physical condition

performed simulated repair and rescue tasks while wearing an impermeable

gas protective suit and a self-contained breathing apparatus. Total

work times averaged 37 min and ambient temperature was 2.0 0 C with wind

velocity of 0-4 mrs. Despite the lack of thermal strain, these typical

tasks caused marked physiological strain as demonstrated by mean heart

rates of about 147 bpm and weight losses from sweat of 300g. The mean

rectal temperature increased by 0 8°C. Workers who use such equipment

must be physically fit. (Note: Protective cto~hin, plus , CBA may be

analogous to MOPP 4 plus a back pack.)

Smolander, J., Louhevaara, V., Tuomi, T., Kirhonen, 0., and Jaakkola, J.

(1984). Reduction of isometric muscle endurance after wearing impermeable

gas protective clothing. Euopean Jouraal of q ppled Physiology, 53, 76-80.

Male subjects walked at 21% (L) or 41% (M) of VO2,ax for 25-30 min, at

an ambient temperature of 240C, while wearing an impermeabJe gas

protfrctive suit and a self contained breathing apparatus, Subsequently

heart rate, and rectal and skin temperatures were found to be increased

and the isometric endurance of forearm muscles at 40% i., imum voluntary

contraction was found to be reduced (12%. after L, NS; 24% after M,

p<.01). Ventilating the suit with 28 1/min of room temperature air did

not change these effects.
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Stephenson, L. A., Kolka, M. A., Allan, A. E., and Santee W. R. (1987).

Heat exchange during encapsulation in a chemical warfare agent protective

atient wrap in four hot environments (Te chnical Report No. T10-87).

Natick, MA: U.S. Army Research Institute of Environmental Medicine.

Eight male subjects were studied during encapsulation in a Chemical War.,

fare Agent Protective Patient Wrap in each of four environments: 1)

average ambient temperature (Ta) 54.7 0 C, average dew point temp (Tdp)

21.7 0 C, average black globe temperature (Tg) 68.3 0 C; 2) Ta 42.7 0 C, Tdp

32.5 0 C, Tg 56.30C; 3) Ta 41.8 0 C, Tdp !1.3 0 C, Tg 57.5°C; 4) Ta 35.7 0C,

Tdp 27.7 0 C, Tg 50.5 0 C. All conditions had average irradiance of 1152

W/m2 and wind speed of 0.5m/s. The dry insulative value of the wrap was

1.44 dlo and the permeability index was 0.25. Subjects remained wrapped

until they requested removal or until heart rate exceeded 160 bpm for 5

consecutive minutes. Average encapsulation times in the four environ-

ments were 37, 49, 62, and 62 minutes, respectively. So safe encapsula-

tion time is severely limited in hot environments (either wet or dry),

when a solar heat load is included.

Tharion, W. J., Rauch, T. M., Munro, I., Lussier, A. R., Banderet, L. E.,

and Shukitt, B. (1986). Psychological factors which limit the endurance
capabilities of armor crews operating in a simulated NBC environment

(Technical Report No. T14/86). Natick, MA: U.S. Army Research Institute of

"Environmental Medicine.

Twenty-seven male soldiers participated in armor field tests wearing

normal field clothing (NO MOPP condition), MOPP4 gear (MOPP4 condition:

modified M-25 mask, with drinking tube, rubberized boots, gloves, and a

standard overgarment), and MOPP4 gear after training in coping

strategies and with the opportunity to eat (FIX condition). Tests were

terminated when 2 of 4 crewmen withdrew voluntarily or were removed by

the medical monitor. These subjects were termed "casualties", while the

remaining crewmen were "survivors". A computerized performance

assessment. battery war administered several days prior to the fie• d

test, 6 hours irto the field test, and after termination of the field

t es t
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Casua l ties in the MOPP4 condi tion exhibited significantly grea te2:

depressive tendencies on the pre-test battery than survivors. No

depressive difference was found between casualties and survivors in the

FIX condition. Casualties reported more intense feelings of sleepiness

and dizziness and exhibited a significantly greater level of anxiety.

They also complained of more respiratory distress, mental fatigue,

thermal stress, general fatigue, gastrointestinal distress, and muscle

exhaustion. Survivors had a higher impression of the crew as a func-

tional unit (crew atmosphere).

There were no sleepiness, dizziness, anxiety, or crew atmosphere differ-

ences among the different testing conditions (NO MOPP, MOPP4, FIX).

Subjects in the MOPP4 condition as compared to the FIX condition per-

ceived more respiratory distress, mental fatigue, muscle exhaustion, and

general fatigue.

They conclude that perception of respiratory distress or discomfort

imposed by wearing the mask are important in limiting work tolerance or

endurance, as is thermal distress. Additionally, high anxiety or more

depressed types are more likely to exhibit such distress. Coping

strategies, opportunity to eat, and previous MOPP4 experience may all

improved endurance under MOPP4 conditions.

Thorton, R., Brown, G. A., and Redman, P. J. (1985). The effect of the UK

aircrew chemical. defence assembly on thermal strain. Aviation, Space, and

Environmental Medicine, 56, 208-211.

Chemical protective clothing was found to impose a thermal strain (core

temperature > 37.6 0 C, dehydration loss, -- 1% body weight) when worn for 2

hours in an environment with dry bulb temperature of 35 C and vet bulb

temperature of 19 0 C and a wind speed of 2.0 rn/s. These effects occurred

- in subjects simulating the activity level of crewmen but not in those

Ssimulatimig the lower activity level ;een in pilots. Per sonnel condi

tioning to piepaie for Sucn heat st -ess is trecoimmended.
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Vitt.,)l-io, P. V. and Cattio.11, S. W4. (1975). De:tter ity afforded by eW
protective loves (Technical Note no. 75-21.). Canada: Research and

Developlient Branch of the Department of National Defence.

"The effects on manual performance of an experimental Canadian CW

protective glove and US and UK CW protective gloves were compared using

five different manual tasks. The results show that, statistically,

performance in three of the manual dexterity tasks was significantly

better with the US CW protective glove than with the Canadian or the UK

CW protective gloves and in the same three tasks there was no

significant difference in performance between the latter two gloves.

A] though the difference shown is statistically significant, its

practical effect in the performance of military tasks may not be great."
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